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% 2004/12/6 



3 A3., °1^5L = ^-g-tfl^ 3H*i» 3|3l3-4°J ^jjfldfl 3^ Af-g-sH 3h£^ £ 

^o. J^jiiH^, ^^HS* ^^^o. ^o] 7 ) o^fl ojcqo} AlJll- 7l§A]^q- ^ 

^j^lli ^^tb -ilJLS-f-B] 71^^151 ^r^ssf <$AA Als^ ^sj-^ ^><=»1 

*^f, =LZ)JL ^7]S. ^^4. *H 3)3-4*1 #^3HH A>-§-£^ ^A^A 

*1^51 = W-lfl^r 3M*m^7l3.^ #A>£]^ #^#-gr A^g-T^t-fl , # 7 ) ^ 27fl^ 

£ 3 
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102j^p036184 #3 2004/12/6 

£ 2^ o]^JE3= HeNe o]^-^^- £a]*V £^ 
£ 3£r £ ^ofM *)H<5}^ o]^s.t= HeNe 3M*1sq- ^ 

£ 4a ^ ^il^l ^3Hr» ^-f ^ S.*}& £^ 

60... %n ^BMl-^ 70...eflol^ ^j=l 71...^#-vi)^ eflo]x^ 72 ..^^ 

' . i 

73...^" 3#7l 74. 80... 90...^ 
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102^)036184 °^\: 2004/12/6 

<9> *N 3.1**1 €3* 0 a V ^^ ^ 

ol^S£L Eflol7|* ^)Efl5.ufol ^7)1^1 ^Jl5L A>-g-sH £ 

^ a*isj-*Mi, ^^s.^ fe^l7i ^*ti <y<^ A]JL«- 7l^^M- ^^IMl 

^^W. ^ Bflo]^ tgjg-ofl cfl^J) ^^^J77> ^tj-". SflEfl^tK! Ti^T^l^ eflo] 

7|^ol 5]7l fl^T STj^r ^BflSCf^ol^ ^ofl ^S] ^ SU^l 51 14 27fl^ 

^7] ^^^^-S 7}*l7> oj^cfl, ZL^ ^ #*fl ^#^1 7>^* ^ 

cH 27fl£} ^sf^l- ^l^(Zeeman)jL2]-# o]-g-*l ^4 ^ wj-^ 0.5. **3i 

7l(Acousto-0ptic Modulator, AOM °]?} <^l-g-^b ^-°3- ^€4. 

<n> ^^(Zeeman)jL-Bfl- °l-g-*}<^ « 0 V«Hl cfl^fl ol^-^^^) ^^o] 7 > 
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102^036184 W^ 2004/12/6 

JH^ ^>^>7fl ^BflS-Cfo] ^*J- ^ . flfe 010.4 #7) 27fl ^cfl x>ol 

3 MHz ^5^1 ^ *BM1«- ^~§-^53* ^tfl ^ 71-^ 475 

mm/sS. ^1*1^4. 

<12> « 0 >^o] A0M# nms.r}-o} i£t=^ « 0 V^ p^o} z}°]JL(Zygo)AM*\ 

^-S-W^^^l, ZL «<H^ olf^H e)H*HH 27fl^ ^°\)*\ 

&%&SL£. ^e^Jl AOIH ^Al?!^, 27fl^ ^-£-§- ^ 

20 MHzolJi ^I^^g- £fe ^"71^- ^ ^ 

3Hr7> ^ ^ tfl«^ol nfl^o] ^Sf^7> ^ 

=1=^7^7} 10 m <H^7fl Sl^ ^^^1 o}t}. 

^71^ <^*> 7l§ Al^Sq- #^17> -g-^Joll oj.^ 7 ]- Ajjro} ^Sj-^ofl £#S] 

# *lcf. tilAV^ol - ^ -g^o]^ o]s. o]^- * ^ ^ 
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#^ ^*>: 2004/12/6 
<14> V"= 2«v(/)/X (^^M 1) 

<15> e^ 7 H n^r &7}Si\ f^t, ^ ^ 4^-014. ^V^ol 1 m / s s. o]^- .£§ 

^ 3.16 MHz*?H ^r^l ^ ^ ^ ^ Tj-i: *BJ313 ^-f , 5L#*H f^K 1 

^ n°d 6.32 MHz7> ^rf . o]^ § i^ofl 6.32 xio 6 7fl ^ #^^7} A^Kr ^ £0.^ 
3# ^7}$= ^^2] 7fl^# tJ<Hw^*l fe£ 7Hi olo^o) ^-rj-. 

<ie> tflJf^- ^ 7l§ ^-7}9\- ^ Ajjro] <*!^-8r ^W^Czero crossing) *]#Ar^ 

till- ^g* r oJ ^Vrf. ^ ^-ol A^^cf. 

<17> r + 
111=360" X — 

Tr (<r*H 2) 

<18> c^7l^ Tr -8: 7l^S V R ^ ^7) o)u) y T+ TT 7}^S. V r ^A]^ V m ^ ^1-^ Aj 

^>o]r4. ^ ^7^ T + Sr Tr a^V ^« ^ ^-g- 

<19> A8=360"/ R Ax 3) 
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102^)036184 



2004/12/6 



<20> a) 7 )*] A6 ^ ^^7l^ f R £r 71$ ^lJl^ Ax *f $1 # ^ 

7} £*fl^-<>ltK .^^H 3ofl <^}i& $HHM7l4 Al^V ^-tflV 0 l 1 nsec^la 7l^ ^Jl 

^4^7} 10 MHz ^ , £-*fl¥£r 3.6°7> £)o} Aljro] ^4^7]- l MHz^l ^15: 
4 0.36°7> ^4. o}^ ^A^rA £-8^4 W • *'*H¥;S- 

^|.^> ^ ^£<>ll X| ^ «M1 ^nf. ^aV^^S 7l§ Als^ *r ^7) o] 

tb fl'^ ^sj-^^l 2/3 ol^-o] ^^-4^(phase unwrapping) 4 <H3-g-°l ^ 43-4 



<21> am; < |2ti/3| 



4) 



<22> c^7l^ AB^ig 7l ^> ^.o>^ £3^o]4. 

<23> 4^^. ^ o}- £#e ^ ^4.^ tj Q\ 4^ oj^-g. Afl^ A] 7> ; ^ 7)^ #3lS>\ 

^7}5L M-ipTg <£-|- ^ 5a4- 



<24> 



lAfl= 



2 

<f-A 



(^r^ 5) 



<25> Cr)7lA^ f R £- ^IJl^ ^Sj-^S-^i fl - f 2 » ^fl <£<H*!4. 
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102^)036184 #^ Q*}-- 2004/12/6 

<26> 7l§ ^JL^ ^4t7} 1 MHz°l JL ^ 7]^r A>-g-^ ^ 7>^ ^ tfl 

^ ^ 14 ^ 53.^ ^ 104 mm/s <>}nf. ^tfl ^f-E^ 7]§ ^IJLS] ^s)-^^ 



<27> z, 
Ax < 2A-=— 

3v 6 ) 



SL^f- ^ol7] ^flA^ X\# ^o]^ « 0 V^«H1 oj^ ^JE 2 m/s^l £r*fl¥ 

0.3 nml- ^Wb}^ 100 ps^ ^r^fl^l ^^>^S ^^*>7l JL7}<U ^ 

#41 



7] nflg-ofi ^7l7> o^Jl, ^ ^£.^^g- <£ 7 ) ^Sfl^^ X\& 

^1 £-*fl^ 7}^lJl 



<30> i£tg£. ^EflS.^ 7_>^ ^ # ^l-g-^ ^1^1-^^ £tf#'«&°l-iflSr «o V ^4 ^ 

, ^lf^E. fc-g-lfl^ eflol^l- ^li^o] #^?1H 33 %QSLS. A>-g-^>c^ 
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2004/12/6 

^-8: ^±^}JL, 4$^4rSL9\- n^^n^ %t°}7] <$2)2) ^» 7l§Al^M- 

^^ofl ^ISS^-Ei 7l^S JEE^r ^^Jl^ a]Jto] x}o)ul 

<31>£ ^£ ^^Hl A>-g-^7] ^ 2f^ 7 > *MJS?-€ °W5LIL W-lfl^: 7j 
^-M* ^*Rr #^1^ 7>M4 .tt^M* ^71 AlSS. £^*Hir ^ ^7l 

^l^^AS-^-El SJ^-tV #^*Rr 3# ^ ^1^- tM3€4.. 

<32> o]^s.^ ^-tll^r eflol^^ ^7]S] z±o} 7 } 150 ~ 200 mm ^£^^1 £ 24 

-Sr^ o]s. ^ ( 4 0 )oi1 -§-7j7j^ a^ofl Sfe -^7flSl JELJ=(45)(46)7> ^7fl*H 4 

S J=L 7 fl<*) ^ 3lM*lS ^4. = 7j2^ i^S^ 

^^(Free Spectral RangeHl ^*fl ^7l^ zJ^H tr}-^ tj-sq. 600- 

1000 MHz ft-g. ^Hr4- J£*V JjS. SLEL^r fto] 0>}^°] £i = 

7> P JS^M^ 4H*1 S.S.fe S ^4. 
<33> o]s> oj^iJEL ^#-u))^ 3H*1» ol-g-^>c^ £ *Hr *l| 313.4^ ^ ^ 

7i 7_H^}o} ^^^Cf. 
<34> £ 3 ^ £ ^oflAi ^AltV eflo]7^ A}^-§- 7 fl^ °.5L 44M1 ?A°]^. Z)} o] ^ 7^ 

31 *\ + ^£r EflolTj #^(70), %n ?i^^^-(60) ( ^^Hr #€^(80), ZL^Jl Jfltf # 

^7l(90)S ^€4. #^?1HH ^r-g-^Tr ^4^7} °1^5L= ^ 



102Q«)36184 
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102(^036184 ' #^ 2004/12/6 

f-Ml£- iilM*]^ 71(71)3.-^- B\ #A>S)^ ^^^-(74)^. A>-g-^c11, #7] 27H^ ^2)-^ 

1^(75)-^ 7]§A1SS A>-g-§>7l ^Sfl 27flS] #ofl tflsfl ^^ol 450^0.^^1 ^^(72)^: 7] 
*\ ?Kl^°r ^^?14:. ^"71 ?.H)5q ^ .^#7l(73)i 7]*\ #7Rljr( 76 )jiL ^^5]^, o]± 

<35> ^^cos^C/,-/^] (^*M 7) 

<36> c^7lA] V r ^ 7l^Al^o]^ ) A^r ^IJL^ fi , f 2 S^NeI ^r^Hr ^°14. 

M SW^'MmWH ^>=lfe 4*1*1 #3#(74)£r ^ ^ ^^|^ ^ 

#-§-1-71(62)011 ^ M-^ol^ ^^fi* 3Hr #(67)-£r ^ (61) °-S- ^ 

S\JL, ^-g-f 2 » £Hr #(66)^ <>1^#*1H o]^tiVA>^(63)^S. ^l^^cf. ^7] 

^#^(64)011^ ^ #^#7l(65)S °jA>^Cl-. ^-71 #^#7H1 ^ # 

7lAl^S ^^Sl^cfl #71 #^^151(68)^ t^^llS A}-g-sJtl-. -S*fl-£- ^ 

^7l^oflAi di ^1^^4^ ^^1 ol^ 2nd! ^1 SlJl, ^f 2 » 

tt ^1 ^7l^ofl d 2 #^S^ 2nd 2 7> 51P.S ^^IJ^ ^>eflsl. ^-o] ^ 

€4. 



<37> F- m =Sco5 { 271(7, -f 2 y+2nd,/X,-2nd 2 /X 2 } 



8) 
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102(^)036184 

<38> 47H y m ^^]JL°lJl, B^41Jl4 ^4^, n£r ^71^1-, \ lt X 2 ^ fi , f 2 t4 

<39>#>S?lHH ^[rfl^<y iHtfSJte ^J3l4*1 #4 7l^3L*.v|-Efvflfe. 74 ^ 

^ Jl^ 44^ 83.-*M ^ A]Jl4 ifl^^ cf-g-JJf £4. 

<40> l) ,^4 WI (rf 1 -J 2 )/X 2 (=^44 9) 

<41> *i 54. ^ ^ 44 ^-^}B.S. ^ %<L3. 7H3*>$m. 

<42> #4 ^^(68)^ 4^ (63)4 ol-^^sq- 4-§^^l xtj-s^ jL4°fl ^*fl 7> 

^*>7ll 4°} 7)^Al^(76)^ ^7)7} ^^^>Cf. ^7l 7l^S«4 ^^J^ ^44"?} 4^*r 
£ ^^OJsL ol^tf^pgol o]^^^ ^o}- ^0^4 

<43> ^g^^g. ^7) ^ 4^41" £-*fl4^ ^5L°\] 44 ^44- 44 ^4 4 

^S.= 5flo]7^ ^47] 4 ^°l7> 150 ~ 200 mm ^£5-4 ^ S..E.44 4^ 4-<f 

^^(Free Spectral RangeHl ^cfl ^4^ ^7]4 ^ojo]] 44 ^wV^ o_ 

S. 600-1000 MHz a>o]4 ^4. n>4 eflo ]^ #4 4^-0] 633 ^ 44J7. 7}^ 0.1 

nm4 ^8 ^7l 4*lH : b ^7] ^*f4 91- ^-g-*>^ 2>§60 ' H0.1 nm)/633 nm = 0.1° 

4 ^ ^fl^ol ^^.44. 44 n> ^ 7 )9± ^-o) 4^Kg- ^#71 (phase meter) 

<M 33 3# ^<H ^H^^f. °1» *M*V7) 4*fl 1^14^ ^4 *H^]^°J o] 

24-11 



•3 ^7>: 2004/12/6 



102(^f)036184 #^ <£^: 2004/12/6 

-g-*H 71$ ^IJLS}- ^ AlJlSl «pf*l &al ^^HM" ^T#J13.*1 ^^o] ^^7} EL 



<44> ol^> ^ ^ ^ I^Hl tflsfl 

< 45 > yl^Jiofl sj)^*}^ nfl^o] ^^ofl ^^(87)* ^ #*i7l (82)*H <y^^AS. 

^•4. #7H*1 e^tt ^^1S(87)^ "Jfl^ol 1-20MHZ ^5. *M M-^r ?J°1 

zp.^ofl af^ £tf. #7] 51(88) (89)^ ^ 7l^ljL 

(76), ^^^1^(68)^ ^(81)(86)<>1H ^H^tf. #^ (91X92 §*fl*} -=f ^ 

Jro] ^3j-^7> tJ-°l ^TT ^l^Sq- *>7> ^117} 1+2.^31 ^-o] S\ ^ ^ (84) (85H1 

^*fl ^^(93)(94)^. <H^- ^#7](100)ofl ^ ^^71- 

^3*1 7l§AlJl(93)^ ^^]JL(94)^r 4^-54 ^-o) u|-e}.v§ ^ oicf. 



<46> fX^co^n/? (n^-^ 10 ) 



<47> K. = -B«w<2ii(/»+2/uV*i- 1ndJ\^} (^r^H 11) 



<48> a^H f = fi - f 2 " f L 0 - fLO ^ ^71 AjjL^ ^^1^. f L0 l- 
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%^ °J7 r : 2004/12/6 

^# ^ 9X^. f L 0 ^ 7r¥*}-H.S ^ 1-312] ^lESq- 3-*fl^) 4e} 7]^ a]i<4 

^ ^]JL2] ^r^HM- ^ ^lf££ ^]^ #^£r 2 mW °1^°1:EL5. sgig v]^ 

#^711 2] 60%, ?r ^3" 50 mW^l^JL 7>^^>^ o)^ #^t]1 

2] %QSLg. Aj-g-^- ^-f 20 %>1# ^°1 7>^>7fl ^4. 
<49> *>^n> oj^Tfl 7l§ ^5r^» ^ cfl ^ °1 ^-g; «>^fl ^cf. -£4a^ D -^°l ^4^r» 

(110)2]- -g-2] « 0 >^O.S ^-f (111)2] tfl^S-o] ZLSluj- nfl^ol #^53* 

^4b<Hl ^| ^ ^A^cA <£2] wj-^AS. ^--g-^: nfl ^(112)-^ ^-2] 

tf)i)]S.t\9l ^(two-way heterodyne technique)^: a)--^ 1 }. 
<50> s. 4c ^ o]^ TsflEflStJ-o} **j£] ^Aj^ll- £a]^ ^o]cf. ^a}Jl(115)# ^^7) (116)5. 

M-^ M-^^^l ^^1S(121)(122)^ 4^ ^4^7} f b +f o] Al^(i23), ^4 

^7} f b - f °] ^ ^7] ^lJl(124)fif ^7fl2] ^A-l(117)(118)o1}A-l ^^^14.(^7)^ f b ^ 

<5i> h1a]o] ^^(i25)(126) f^lH Jl ^aK* ^££r ^*H( 119) (120)0)1 2]*fl ^l^^cf. ^2] 
z]-z]- ^s}-^7f o] A!jr( 12 7)2}- y-A^ o] Al^(128)7> £H ^^§71(130) (131) 

o\)*] &i <#-°r ^tlt}. i#Si ^^7} <#2] ^JrOj ^ ^2f^7K + ^°J 4!Jl 

(127) 2]- 2]>£ ^^71(130)^1 ^r^&Sr A>-g-^>ZL, ^g-2] 3f JrOj ^ O. ^^7} f'V °) Aljr 

(128) 2]- ^ ^^71(131)21 A>^>ig o^cq yj-igcq cfloi o. A ]-g-75]. JELS. £^ 
^r^HM Jl°11 ^:74)^ol ^ tfl^^: Al-§-^ ^ ^4 - 7 flo^ ^ 7] (130) (131)1- a> 
-§-^5. #^121 £^ tij-^o] nfl #^7li ^-ol s>ZL ^717} ^ 
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102^)036184 2004/12/6 

^ safe .^-*ois.s oh <w *mi$ 

< 53 > a o v^*v ^sij. q 0 ) oi^s.^ eflo]^^- §i}Eflsq-<y ^TfN A>-g-^ ^ & 

BE^ #7] o]^S_]= 5flo]^» A>-g-^ nfl nfl^-o] ^5)-^7> #ofl ^5} tfl^S]^ ^ 

-g-*fl^ *l)^*>7l ^ ^7H]Ai o]^^o. S ojeqo^ -ixH- ^g-fe ^ o} 
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# 




^ 2004/12/6 



1%^-% 11 

3H*1 #€W0), %n *MJ*W60), ^*Hr £^-(80), ^7l(90)S ^Sjfe m\ 

^•71 eflo]^ ^2.2= «^-iflfr eflol^^7l(71)» #7l elM^ 

*\}*\ ^St}^ %n%Q£r 27fl^ ^^1- ^-©.S. ^^ul-, ^ojTgA-l ^3g^- 

* ^"71 ^(75)fe 7l^AlJlS. A>-g-S]Jl ( q-T^^l #^^-(74)^ 

^>-§-^^ f^!^ HeNe ^H*!^ afltfls.t|-oi oj-g.^- 

31 31 3.^*1 eflo]^ 

2] 

#7l 7l^X^ 27fl^ ^fofl tfl*fl ^^o] 4507]^.^^ ^^(72)# 7]*J #0] 
#7}(73)1- 7}^ ^71^1^(76)5- ^^H, 

V=Acos[2n(f x -f 2 W (^ a) 

^ ^°1 3# ^ilii. ^ ^#-til^ Sflol^sq- ^ *|)3|SC]-°1 <fl#a 

(^ a <>)H V r 7|^a1Jlo]i*| ; *iSL2) fl , f2 #^^1 ^ 

<y) 
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102(^036184 ^^ 2004/12/6 

3] 

*fli-%H] 91°)*] 

^7} ^^IJLfe ^#^71 (62)°fl <a-A>^ ^ ^£)<H -£( 67 )£ J7^ti> 

a>^(61)^-S ^l^sl^L, ^«-'f2* 3Hr ^(66)£ ^1^#^IH1 ^€ o]^ti>A>^(63)A 

45 o 7 | 0.0^^ ^^(64)0)1^1 ^€ ^ ^ #7] (65)5. «gA>5|aZ f <#7) 
7H ^Af^ #7)*)2L3. &$:5\°) 

V m =Bcos{2 7t (f x -f :l )t+2r>dJ\,-2ndJ\ z } ( ^ b ) 

Q\ ^-o] ?J-§- ^ <>1^5L£L W-Ml^r ^ i5\)l]}5Lr)-0} 

b<>lH V m ^-^JloUl, bfe ajj^ ^o^, 

f l , f 2 ^ #^^1 ^^Hr ^^-^H, 

Al ^ fl - f2 ^^Hr -SM- ^ 5X)-# 

d i -gr ^^fi# ^ ^71 ^tt" 7l^o|jl ( 

n ^7}^ ^^Ir^J) 
[^^%> 4] 



2 4-16 



102(^036184 #^ 2004/12/6 

7}&*\3L<q n^t}^ nfl^o] ^4^ofl ^^1^(87)* ^ 1^7) (82 HI >H 

*I5i £-^-7l(83HH 4 7fl^ #J:S ^-Bltt 3s #7] ^(88)(89)^ 7l^s 

(76)£j- bH(86)4M #7V ^ ^31(68)^ ^HCSlWH ^7} 7l$A}31^ ^ 

^Jl* ^tt ^H^l M(91)V/4L£."'^ #7] 7l^S^- ^Al^^ ^-o] Aljri^ ^ 

(84HH ^>1^-3L, #7] 7l§Al^sq- ^ #Jl£] *>7> ^J^r Jfl# 3#7l(100Hl ^3 

^-ai4 #^(92) ^iji ^ #7i ^#^^- ^^is^ ^-o] 

£]^r 413:^ ^(85 HI sl«fl ^Ti^-Ji, #7l ^AlJisq- ^a}JL<2] ^>7> S]^ A]^^ 
^#71(100)^1 <33«H «r^*Rr ^jf ^AS -s}^ oi^ £ = W-til^ eflol^sq- ^ 

5] 

*)1 4^1 

f m =Bc<«{ 2jiC/?+2Ajrf 1 /\,-2/jd p 2 /*2>} (Xj 

<4 ^-o] ipgiLS. a>\±r <=>1^S= ^f-Ml^ eiH^sq- ^s) sflEflscK! fl#^3} 
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102(^036184 #^ 2004/12/6 

( ^7}*] f = f_l - f_2 - f_LO , o)jl f_LO f_l , f_2 ^Jf -tls^l ^r^K^M _ 

fl, f 2 £r ^^Hr 

di £r ^^Hr ^ fi* ^ ^7) ^cflAi Tl^olji, 

d 2 ^ t*Ht f 2 1- f^H T^H, 
n ^71^ -1-^1: <y) 

[3^8" 6] 

^"71 ^7l^lJL3L ^^1S(115)# US. ^7l(116)» *Sfl ^-^tV ^ ^ 

^*ljL(121)^r ^4^r7> f b + fol ^-«-^7l a]Jl(123)# ^^i(117)^]^ ^-31, H-tH^l ^ 
^]jL(122)fe f b - f"ll ^ ^7] ^ls(124)sq- ii)aU118HH #^ 
(125X126) ^1^4^ ^^ €^(119)(120H1 ^|«fl *)l7i*H ^4^7} Z+A/oj a]Jt 

(127) /-A/<y ^1^(128)* ^^l, ^A^A ^M^l^ ^4t7K + ^ ^1 

(127) 1- ^-g-*}^ 3R>* ^^S>J1, ^Sf^7> ^1 ^-JLC^ ^^7> r-U ol Als 

(128) * ^-g-^ 3H*-§: ^*Rr 53 # o]^ £ c ^-vil^ eflo]^fif ^jsj s|| 

4^^^* *H^lS.q-o] eflo]^ #^7fl. (^7^ f_ b ^ ^^o] ^Sf^Oj) 
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102^)036184 <£*\: 2004/12/6 

7] 

3H*i MWO), ^ ?>>M^-(60), #^¥-(80), 3# ^§71(90)3. «flEfl 

^-7) Eflo}^ °1^5LJEL W-l-il^r i*M*1^M§ 71(71)* ^-g-^H, ^-7) 5fl o] ^ ^ 7 ] 

<HH <M*Hr 27fl^ ^^Hr* ^is. 

4 ol^M, ^71 ^(75)^ 7l^Al^S. A>-g-£lJi, uf^^l #e)#(74)^r ^^^1^5. 

^7l 7l§A]Jr^ 27]\9] cfl*|) 33^0] 45°7)|;^^ ^^(72)^- 7]*\ ?}^& #3 

#7l(73)# 7j*J ^71^1^(76)3. ^#5)^, 

^•71 ^^IJL^r ^^7] (62 HI ^ -g-«-5H ^r^Hr^S-fl^ ^ %(67)^ 5L%& 
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